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Continuous stochastic theory of birth and death processes with longrange interaction. Application to electrolytes V. R. Chechetkin Abstract. 2014 The problem of stochastic description of the spatially distributed birth and death processes with long-range interaction is considered. It is shown how the problem can be formulated in terms of the functional master equation for the probability functional. The theory is applied to the calculation of the relaxational correction to the mobility of ions in the electrolytes. The influence of recombination 2014 dissociation processes on the Debye screening of moving ions and their relative contributions to the mobility are discussed. The particular example concerns the system of a two-component electrolyte in the limit of small fluctuations of the concentrations (e2/03B503BBD kB T ~ 1, where 03BBD is the Debye radius and T is the absolute temperature). which is a typical situation in dense gases and liquid solutions, then the stochastic evolution of a system can be described in terms of birth and death processes with continuum realizations (see, e.g., [1, 2] ). The mathematical description of such a problem in a continuous medium approximation appears to be rather complicated. The most advanced studies are based either on the discretised approximation of the continuous medium [1, [3] [4] [5] [6] or on the Bose operator formalism [7] [8] [9] [10] and direct stochastic treatment of the corresponding differential equations [2] . We have developed in [11] the functional formalism for the continuous stochastic theory of birth and death processes and formulated the problem in terms of the functional master equation for the probability distribution functional. Then this equation can be reformulated either in terms of the infinite set of coupled equations for the equal time correlators [11] or can be studied directly with the corresponding regular functional perturbational methods [12] . In previous investigations one has considered systems of the ideal gas type with respect to the mutual interactions between particles. We will consider in this paper the generalization of the functional theory to a system with long-range interaction with particular application to the electrolytes. We shall study the following physical situation. Since the classical results by Debye and Huckel, and Onsager (see, e.g., [13] The stochastic evolution of a system is described in terms of evolution of the probability distribution functional S ( Xi (r' ), ..., XN (r' ) ; t } , where {Xl (r'), ..., XN (r' ) ; t } corresponds to the probability of detection of the local densities {Xj (r' )} at a moment t, and is given by the master equation
Here {S / SX(r)} are the functional derivatives and Vr' F (r, t ) is the operator whose action is equivalent to the multiplication by a vector function F (r, t ) and subsequent taking of divergence from a whole expression.
The operators exp(± 5l5Xj(r))
are the local birth and death operators. Their action on the arbitrary functional CP {Xl (r'), ... , XN (r' )} is given by Thus, it is easy to see that the second sum on the right hand side of equation (2.4) corresponds to a typical probabilistic balance with « income » and « outcome ». We assumed for simplicity that the characteristic reaction correlation radii for the processes (2.1) are small in comparison with the other characteristic distances (e.g., with Debye radius for the electrolytes) and used the local form for the reaction rates in equations (2.2), (2.4) (cf. discussion in [11] ).
The diffusion terms with the fluctuation corrections may easily be derived by comparison with the discrete jump model [2] and then by returning back to the continuous medium limit (a detailed account can be found in [14] where E is the dielectric constant of a medium without charged particles (in the problem concerned it corresponds to the dielectric constant of the solvent), ezj is the charge of the j-th ions (it may be either negative or positive). It is also assumed that the system is electroneutral, i.e., that its total charge is equal to zero :
The electric field E in equation (3.1) must be understood in the exact (unaveraged) sense. We will only consider the limit of an infinite three-dimensional system where boundary effects can be neglected. Then [15, 16] [13] : the correction to b will correspond to that of cr.
We considered here only the so-called relaxational correction to mobility because the electrophoretic correction to mobility will remain unchanged in this approximation (cf. [13] 
